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ABSTRACT- The in fra-red  absorption spectra of pure othylono diohloride and o f 
its  solutions in  carbon te trachloride, m ethy l cyclohexane and heptane of different concontra- 
tions recorded w ith  a  Perkin-E lm er Model 21 spoctrophotonietor have been com pared w ith  
each other. The in teg ra ted  in tensities of th e  absorption peaks 1297 cm -i ond 1236 o m -i 
have been m easured in  each case and i t  is observed th a t  m  th e  case of 2 0 % solutions in  heptane 
an d  m ethy l cyclohexane th e  ra tio  A i207/A i»30 is less th a n  th a t  for the  pure liquid and th a t 
th e  ra tio  dim inishes by  abou t 60%  when th e  streng th  of th e  solution is dim inislied to  3 %. 
In  th e  case of solutions in  OCI4 th e  changes in  th e  ra tio  m entioned above are m uch smaller.
The speotj’a  due to  6 % solution o f C2H 4CI2 in  heptane were recorded w ith  th e  solution 
a t  27°C and  70"C and i t  was observed th a t  th e  ra tio  is slightly  smaller a t  liighor tem peratu re 
th a n  a t  th e  room  tem peratu re .
I t  is poin ted  ou t thal. such changes in  th e  ra tio  A i207/A i23fi arc in  com plete disagree­
m e n t w ith  those expected from  th e  energy-difference of th e  tw o types of molecules in  the  
solution calculated by  pi-evious workers. I t  is concluded th a t  th e  results can bo explained 
on th e  assm nption  th a t  fo rm ation  of v irtu a l H -C l linkages in  th e  liquids is responsible for 
th e  origin of th e  gauche molecules.
I N T R O D U C T I O N
The exisionce of rotational isomers in the liquid state of some substituted 
ethane compounds was first demonstrated by Mizushima and Moririo (1938). 
From the values of dielectric constant of gaseous ethylene dichloride W atanabe 
et al. (1942) found the difference of energy between the trans and gauclie con­
figurations of the molecule to be 1.22 KCal/mole, and taldng into account the 
respective partition functions and also the two alternative configurations of 
the gauche molecule, they calculated the ratio of the number of gauche and 
trans molecules and found it to bo 0.34 : 1 in the vapour state a t the boiling 
point of the liquid. By comparing the intensities of the Raman lines’ 666 cm”  ^
and 768 cm‘  ^ both in the case of vapour state and also for the liquid state they 
concluded th a t the value of the ratio of gauche and trans molecules in the liquid 
state is 1.3 : 1. W atanabe et al. (1943) tried to explain this change in the ratio 
of population of the two typos of molecules with change of state by assuming
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th a t in the liquid state the gauche molecule acquires on excess of electrostatic 
energy which is equal to where e is the dielectric constant of the
liquid, (I the permanent electric moment of the gauche molecule and a is its 
radius assuming the molecule to be a sphere. They showed th a t the influence 
of this electrostatic energy would diminish the energy-difference of the two 
types of molecules to a very small value in the liquid state. Actually, from 
the temperature-dependence of the ratio of intensities of the linos mentioned 
above they concluded th a t the electrostatic energy of the gauche molecules in 
the liquid state explains the observed change in energy-difference.
From the results of measurements of the infra-red absorption bands 
1235 cm~^ and 1291 cm"^ of ethylene dichloride in the vapour state a t different 
temperatures Bernstein (1949) concluded th a t the ratio {NgjNt) of the gauche 
(Cg) and trans molecules increases at higher temperatures indacating an
energy-difference of about 1140 cal/mole between the two configuratibns. The 
value of NgjNt 424.4°K was found by him to be 0.574, while from the ratio 
of the intensities of the Raman lines 666 cm"'^ and 768 cm~  ^ in the vapour state 
a t 443“K  W atanabe e^  al (1943) found the value of NgjNt to 0.47. The 
present author (1953) also measured the ratio of the intensities of the two Ilaman 
lines due to ethylene dichloride a t 135‘’C and found it to be 1 ■ 4.5. When these 
results wore compared with those published by W atanabe et al (1943), the change 
in the ratio of intensity of the two lines mentioned above with change of tem­
perature of the vapour indicated very small energy-difference of the two typos 
of molecules. Thus these results are a t variance with each other.
Rank, Kagarise and Axford (1949) found the value of energy-difference of 
the two types of molecules in the liquid state to be almost zero. This would 
lead to a value of NgjNt o^ual to 1.90 according to W atanabe et al (1942). 
Actually, however, with the value of the energy-difference deduced from the 
dielectric measurements and from the ratio of intensitios of the Raman linos 
666 cm“i and 768 cm~^ of ethylene dichloride in the vapour and liquid states, 
they got the value 1.3 ■ 1 for NgjNt in liquid state. So the value of NgjNt 
found out by W atanabe et al is not in agreement with the value of energy- 
difference in the liquid state reported by Rank et al.
I t  was suggested earlier by Bishui (1948) th a t the gauche type of molecule 
of ethylene dichloride in the liquid state might be^ produced by association of 
the neighbouring molecules. Kuratani (1952), however, studied the infra-red 
absorption bands of ethylene dichloride in solution in a few solvents and measured 
the intensity-ratio of the absorption bands 1284 cm~^ and 1230 cm~^ and found 
tlia t the ratio did not change with the change of concentration of the solution. 
From the.se results,he Qoncluded th a t the band 1284 cm~^ was not produced by 
associated molecules as suggested by Bishui (1948). Later, Banerjee (1954)
meflpSurod. the intenBities of the KghhbiU lines 654 cm.—^ (uncl 755 cm~  ^ of ethylene 
dichloride dissolved in more suitable solvents such as heptane and cyclohexane 
with different concentrations ranging from 35% to 65% and found th a t the 
ratio of intensities of the two lines diminishes with the diminution of concentra­
tion of the solutions. From these results he concluded th at when suitable solvents 
are used some of the associated groups which produce the gauche typo of mole­
cule break up into single molecules and the number of gauche molecules is thus 
reduced a t higher dilutions.
Kuratani (1952) measured the ratio of intensities of the infra-red absorption 
bands 1284 cm~^ and 1230 cm~^ of the solutions of ethylene dichloridc in benzene, 
CCI4, CS2 and acetonitrile of different concentrations. If, however, the ratio 
of the intensities of the same infra-red absorption bands were measured for the 
solutions in some other suitable solvents the results might show more conclu­
sively whether the ratio of the intensity of the bands due to the two types 
of molecules changes with concentration or not. For this reason, the investiga­
tion of the ratio of intensities of the infra-red absorption bands of solutions of 
ethylene dichloride of different concentrations in heptane, methyl cyclohexane 
and CCI4 was undertaken and the results have been discussed in the present 
paper. The solvents heptane and methyl cyclohexane were chosen to find out 
whether a t concentrations lower than those used by Banerjee (1954) any remark­
able changes occur in the ratio NgjNt.
E X P E R I M E N T A l .
Chemically pure ethylene dichloride obtained from E. Merck was dehydrated 
and fractionated and the fraction boiling at 83.7°C was collected and redistilled 
under reduced pressure. The liquids heptane, methyl cyclohexane and carbon 
tetrachloride were also of chemically pure quality and were distilled several 
times in vacuum before being used as solvents.
The strengths of the solutions in heptane and methyl cyclohexane wore 3%, 
10% and 20% and in CCI4 3% and 15%.
The infra-red spectra were recorded with a Pcrkiii-Elmer Model 21 spectro­
photometer with a sodium chloride prism. The resolution dial was placed at 
about 916. The absorption bands due to solvents were comi)ensated by using 
suitable compensation cells in the reference beam, The thickness of the coll 
was 0.1 mm in the case of dilute solutions and 0.025 mm in the case of concentrated 
solutions. The spectra due to pure liquids were recorded by using very thin 
films formed between two plane parallel sodium chloride plates.
In  order to find out whether the ratio of the intensities of the bands 1236 
cm-i and 1297 cm”  ^ of ethylene dichloride solutions changes with change of 
temperature of the solution the spectrum due to 5% solution in heptane a t 70'’C 
was recorded and compared with th at recorded for the solution a t 27 °C.
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B E S U L T S  A N D  D I S C U S S I O N
The values of of pure ethylene dichloride and its solutions in
carbon tetrachloride and methyl cyclohexane a t 27“C and in heptane a t 27“C 
and 70®C are given in Table 1. The absorption curves due to the pure liquid, 
15% and 3% solutions in CCI4, and 20%, 10 % and 3 % solutions in methyl 
cyclohexane and heptane are reproduced in figures 1, 2, 3 and 4 respectively. 
Figure 5 shows the absorption curves due to 6% solution of ethylene dichloride 
in heptane a t 27‘’C and 70°C.
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F ig . 1 . In fra-rod  absorp tion  curves o f puro e thylene dichloride.
(a) T h in  film o f th e  liqu id . (b) T h in  film under sligh t prossuro.
In  the case of pure liquid it was found th a t the band 1297 cm~^ split up 
into three components in some cases and into two components in other cases, 
the three components appearing only when the cell was extremely thin and the 
liquid film was under slight pressure and two components in the case of thicker 
films or solutions. When the ratio of the integrated intensities of all the com­
ponents of the band 1297 cm“  ^ to th a t of the band a t 1236 cm“  ^was calculated, 
it  was found to be identical in both the cases. Apparently, however, the com-
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P ig . 3 . In f ra - ro d  a b s o rp tio n  c u rv e s  o f  so lu tio n s  o f  e th y le n e  d ic h lo r id e  in  
m e th y l  cy c lo h ex an e .
(а) 2 0 %  s o lu tio n  in  0 025 m m  coU,
(б ) 10%
(c) 3 %  „  „  0-1 m m  „
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poneiit a t 1286 cin“  ^ was found to bo relatively stronger when the band 1297 
cm“  ^ was split up into two components. The bands observed in both the cases 
are reproduced in figures 1 (a) and 1 (b). In  calculating the relative intensities 
of the two bands the integrated intensity of both the components of the band 
1297 cm~^ was taken into consideration.
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I t  can be seen from Table I  th a t the ratio -digovMiaaB changes very slightly
when ethylene dichloride is dissolved in CCI4 to make a 15% solution and that 
the ratio diminishes again very slightly when the solution is diluted to 3%. The 
ratio, however, changes more markedly when the liquid is dissolved either in 
heptane or in methyl cyclohexane even to make a 20% solution and when the 
solutions are diluted the ratio diminishes still farther. For example, the ratio 
changes from 0.833 to 0.626 when pure liquid is dissolved in heptane to make 
a 20% solution, and the ratio is reduced to 0,357 when the strength of the solu­
tion is changed to 3%. In  the cases of solutions in methyl cyclohexane also 
similar results are observed.
In  order to understand the significance of these results it would be interest­
ing to compare them with those expected from the values of energy-difference 
calculated by Wada (1964) taking into consideration the influence of different
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TABLE I
Ratio of integrated absorption a t the bands 1297 cni~  ^ and 1236 cm“’
Solvent Stronf^lti 
of aolutjon
Teinpera-
tiirc
Aiuut/Ai 2a(i
P ure  C2H 1CL 1 0 0 % 27"C 0.833
CCl, :i% » 0.646
ir>% 0.733
s% 0.357
1 0 % 0.400
Jto])tuno 2 0 % 0.526
-'5% 0.36
70°n 0.32
M othyl oyrloJtoxiino
3%
i0%
20%
0 384 
0.476 
0 68
solvents on tlio eiiergy-cliflereiice. Ho has shown that if 1270 cal/mole be taken 
as the (Jiiorgy-clifforonoe betwoon the two types of molecules in gaseous state 
the value should be reduced to zero in the pure liquid. Actually also, from the 
measurenient of temperature-dependence ol the relative intensities of the Raman 
lines 654 cm“  ^ and 755 cm“' of ethylene dichloride it has been concluded by 
Rank et al (1949) th a t the energy-difference in the liquid state is zero. There 
is, however, some diHicnilty about such a conclusion because the ratio N^jNt 
would be 1.9 ■ 1 when AE  ~  0, but actually it is 1.3 : 1 as reported by Watanabe 
et al (1942). 8o, there is some discrepancy between the values of NgjNi cal­
culated by Watanabe ei al and that expected in the case of absence of any 
energy-difference {AE) between the two types of molecules.
In  the case of solutions, the general nature of the change in AE  duo to the 
influence of solvent molecules calculated by Wada (1954) was shown to be in 
agreement with th a t observed experimentally by different workers. In the 
case of solution in CCI4, however, the value of AE  expected from his theory 
was about 790 cal/mole, but Kuratani (1952) observed the value to be 510 
cal/mole. Again, the latter worker also reported that the ratio 
not change with the change of concentration of the solution, but in the present 
investigation it has been found that the ratio changes from 0.733 to 0.645 when 
the strength of the solution is changed from 15% to 3%. When there are large 
number of hydrogen atoms in the molecule of the solvent, such as heptane and 
methyl cyclohexane, the ratio mentioned above changes more rapidly with the
468 Monomohan Mazumder
increase in dilution. I t  can be seen from Table I  th a t the value of the ratio 
-^ia97M i236 3% solution in heptane is even smaller than th a t observed
in the case of ethylene dichloride vapour (Bernstein, 1949). These facts indicate 
that the ratio of population of the two types of molecules is not determined 
solely by the energy-difference, but there is some other cause which is responsible 
for the origin of the gauche molecules.
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F ig . 6 . In fra -ro d  absorp tion  spectra  of 3%  solution of eLhylono dichloride 
m  hep tane  a t  (a) 27“C and  (b) 70°C.
In  order to test the correctness of such a conclusion the temperature-depend­
ence of the value of the ratio ^ 1297/^ 1236 solution of ethylene
dichloride in heptane was determined a t two different temperatures of the 
liquid and the absorption curves reproduced in figure 5 show th a t the band 1236 
ora“  ^ becomes a little broader a t 70°C than th a t a t 27“C, I f  the integrated 
intensities are taken into consideration the ratio mentioned above has the value 
0.36 a t 27°C but it diminishes to 0.32 when the temperature of the solution is 
raised to about 70°C. On the other hand, if the value of were 900 oal/mole 
as calculated by Wada (1954), the value of would increase and
become 0.378 with the rise of temperature of the scilution from 27°C to 70°C. 
Thus it is quite evident th a t the energy-difference alone does not determine the 
relative population of the two types of molecules in the solution.
All the results mentioned above can be explained quite satisfactorily on the 
hypothesis th a t some virtual linkage between the Cl atoms of C2H4Cla mole­
cules of the H  atoms of the solvent molecules is responsible for the origin of most
of the gauche molecules present in the solution. In pure liquid also there is 
possibility of formation of groups of such associated molecules and this may 
explain the discrepancy between the observed and calculated values of the 
relative populations of the two types of molecules in the liquid mentioned earlier. 
When CCI4 is used as a solvent there is very little tendency of the Cl atoms of 
the solvent molecules to break up the Cl—H linkage formed in the associated 
groups of C2H4CI2 molecules. This explains why the value of ^ i 2B7M i2aa 
not change very much when ethylene dichloride is dissolved in carbon te tra ­
chloride and also explains the large discrepancy between the value of LE  cal­
culated by Wada (1954) on his theory and that observed by Kuratani (1952) for 
this particular solution. In  the case of solutions in heptane and methyl cyclo­
hexane on the other hand, the influence of H atoms on the Cl atoms of the 
C2H 4CI2 molecules is so great th a t the value of the ratio Ng\Nt is even less than 
that for the vapour. This fact furnishes an additional evidence tor the fact 
that association between neighbouring molecules is respojisible for the preponder­
ance of the gauche molecules in the pure liquid. The results of some recent 
investigations in the Raman spectra of ethylene dichloride, ethylene dibromide 
and ethyle chlorhydrin carried out in this laboratory have fui’nishod further 
evidence in support of the conclusion mentioned above Those results will be 
discussed in a separate paper.
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